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�Introduction

Recurrent laryngeal nerve (RLN) injury and 
vocal cord paralysis after thyroid surgery remain 
a significant source of morbidity and is a leading 
cause for medicolegal action [1]. Intraoperative 
neural monitoring (IONM) has gained wide-
spread acceptance as a tool to assist in identifying 
and mapping the external branch of the superior 
laryngeal nerve (EBSLN), RLN, and vagus nerve 
(VN), detecting RLN anatomic variations, con-
firming and elucidating mechanisms of RLN 
injury, and predicting the outcome of vocal cord 
function [2–13]. By providing real-time func-

tional information, IONM empowers surgeons 
beyond what is available to them through visual 
information alone. This chapter reviews the sur-
gical anatomy of the VN, the carotid sheath, and 
the RLN as well as the surgical anatomy-based 
classifications and variations relevant to thyroid/
parathyroid surgery, discusses the rationale and 
indications for VN and RLN monitoring, and also 
reviews basic laryngeal nerve monitoring equip-
ment setup, standard procedures, and LOS defini-
tion and classification to facilitate accurate and 
efficient IONM.  This chapter also summarizes 
the current standards and guidelines of VN and 
RLN monitoring.
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�Anatomy

�Vagal Nerve and Carotid Sheath 
Anatomy

A better understanding of the anatomy and vari-
ability in the position of the VN within the carotid 
sheath is necessary not only to minimize compli-
cations but also to ensure accurate, efficient, and 
safe use of IONM [14]. The carotid sheath refers 
to the fibrous connective tissue that surrounds the 
vascular compartment of the neck and is part of 
the deep cervical fascia. The medial location of 
the common carotid artery (CCA) and anterolat-
eral or lateral location of the internal jugular vein 
(IJV) are the most common configurations in the 
carotid sheath. Rare cases of medial IJV posi-
tions have been observed [15, 16]. In the largest 
series to date, Dionigi et al. [16] proposed an ana-
tomical classification of the VN based on its posi-
tion relative to the great vessels and offered a 
reproducible methodology for identifying the VN 
and its course in the carotid sheath. The relative 
location of the VN has been classified into vari-
ous configurations where A denotes a VN ante-
rior to the CCA and IJV (4%), P denotes a VN 
posterior to the CCA and the IJV (73%), Pj 
denotes a VN posterior to the internal jugular 
vein (8%), and Pc denotes a VN posterior to the 
CCA (15%) (Fig. 6.1). Such classification is use-
ful in the intraoperative setting to localize the VN 
for IONM. During intermittent IONM, VN iden-
tification may also be expedited without formally 

dissecting the carotid sheath by placing the stim-
ulation probe on the carotid sheath and blindly 
stimulating at 2–3 mA [11], as shown in Fig. 6.1.

�RLN Surgical Anatomic Trajectory 
in the Neck Base

The RLN is a branch of VN that normally loops 
around the aorta at the ligamentum arteriosum on 
the left side and around the subclavian artery on 
the right side before coursing to the larynx. In 
2016, Randolph et  al. [14] published the basic 
classification of the RLN surgical anatomic path-
way in the neck as it relates to thyroid surgery. 
This classification incorporates normal anatomy 
as well as embryological and acquired variations 
in the trajectory of the right and left RLN. It is 
simple and surgically relevant, presenting a valu-
able framework for the surgeon. This classifica-
tion broadly categorizes the RLNs as having a(n):

	1.	 Normal trajectory
	2.	 Abnormal trajectory – acquired
	3.	 Abnormal trajectory – embryological

The details of the classification system and the 
estimated prevalence of each category are 
depicted in Fig. 6.2 and Table 6.1, respectively.

Normal Trajectory L1, R1
As the heart and great vessels descend during 
early embryologic life, the RLN is dragged down 

Fig. 6.1  Common 
locations of vagal nerve 
(VN) within the carotid 
sheath and procedure of 
VN stimulation by using 
the ball-tip stimulation 
probe mapping on the 
carotid sheath
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by the persistent aortic arch. The right VN runs 
from the posterior aspect of the carotid sheath in 
the neck base and crosses anterior to the first seg-
ment of the subclavian artery. The RLN branches 
off, traversing posterior to the subclavian artery 
(the fourth branchial arch remnant) to course 
supero-medially behind the CCA as it ascends 

through the right thoracic inlet to cross obliquely 
from lateral to medial as it ascends the neck. The 
left VN courses from the posterior aspect of the 
left carotid sheath in the left neck base anterior to 
the aortic arch (sixth arch ligament and arterio-
sus). The left RLN then branches underneath the 
aortic arch just lateral to the obliterated ductus 

Fig. 6.2  Basic classification of RLN surgical anatomic path in the neck base as it relates to the thyroid surgical proce-
dure [14]

Table 6.1  The international RLN anatomic classification and the estimated prevalence of each class [14]

Class Description Estimated prevalence
I/II. Left/right RLN basic surgical anatomic path
L1/R1 Normal trajectory 95%/90%
L2a/R2a Abnormal acquired – lateral/medial 5%/5–10%
L2b/R2b Abnormal acquired – ventral <1%/<1%
L3/R3 Abnormal embryologic – nonrecurrent 0.04%/0.5–1%
III. Clinically important neural features
Anatomical
F – Fixed/splayed/entrapped Capsular association through fascial bands, vessels, or 

goitrous change
15% (with substernal 
goiter)

I – Invaded Neural invasion < 5% (with cancer)
L – Posterior ligament Posterior ligament of Berry or associated vessel neural 

entrapment
10%

B – Branched Extralaryngeal RLN branching 24.3–72%
T – Thin Neural caliber <1 mm <2.5%
Dynamic
LOS – Loss of signal Loss of EMG signal
D – Extensive neural 
dissection

Extensive nerve dissection or 360° dissection

6  Rationale and Indications for Vagus/Recurrent Laryngeal Nerve Monitoring
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arteriosus and ascends into the paratracheal 
region in a direct cranial-caudal trajectory within 
the tracheoesophageal (TE) groove. This should 
be distinguished from the more oblique path of 
its right counterpart. In general, the normal tra-
jectory of the left RLN (L1) travels in a path that 
is parallel to the TE groove at an angle less than 
30° in at least 80% of cases, whereas the normal 
trajectory of the right RLN (R1) travels in a path 
between 15 and 45° relative to the TE groove in 
approximately 80% of cases.

Acquired Variations of L2a/R2a (Lateral/
Medial)
L2a If a goiter on the left side extends signifi-
cantly into the TE groove, a more lateral dis-
placement (more than 30°) of the left RLN may 
occur.

R2a Goitrous changes of certain aspects of the 
right normal thyroid lobe, especially the more 
dorsal aspects of the mid-inferior pole region, 
may displace the normally oblique nerve more 
medially into a newly acquired medial position 
more parallel to the TE groove (less than 15°).

Acquired Variations of L2b/R2b (Ventral)
L2b/R2b When thyroid tissue extends deep to 
the trachea due to a dorsally oriented tubercle of 
Zuckerkandl and forms a retrotracheal cervical 
goiter or posterior mediastinal goiter, the RLN 
may be excavated posteriorly by this segment of 
dorsal tissue. This can potentially result in a sig-
nificant displacement of the RLN ventrally.

Embryologic Variations of L3/R3 
(Nonrecurrent)
L3 A nonrecurrent left RLN embryologically 
requires a simultaneous occurrence of other 
anomalies, namely, situs invertus, aberrant sub-
clavian artery, and ductus arteriosus. This is 
extraordinarily rare.

R3 A nonrecurrent right RLN occurs when the 
right subclavian artery arises from the distal aor-
tic arch and extends to the right side in a retro-
esophageal course. In this case, the right RLN 
runs in a more direct and medial course from the 
VN to its laryngeal entry point.

�Clinically Important RLN Features

In addition to the L1–L3 and R1–R3 classes 
described above, other factors are also a crucial 
part of the surgical anatomic classification sys-
tem. These can be denoted by additional lettering 
added to the L or R notations and can be classi-
fied as anatomical (F, fixed/splayed/entrapped; 
I, invaded; L, posterior ligament of Berry, 
entrapped; B, branched; T, thin caliber) or 
dynamic (LOS, loss of electrophysiologic signal; 
D, extensive nerve dissection) (Table 6.1).

�Rationale of Vagus and Recurrent 
Laryngeal Nerve Monitoring

The RLN contains motor fibers that enable 
abduction and adduction of intrinsic vocal fold 
muscles and provides sensory fibers to the lar-
ynx. Intraoperative injury of the RLN or invasion 
of the nerve may result in RLN dysfunction, 
including vocal cord paralysis (VCP) with or 
without clinical symptoms [12, 14]. Unilateral 
RLN injury and VCP can cause significant dys-
phonia and dysphagia, while bilateral RLN inju-
ries and VCP are potentially life-threatening due 
to airway compromise.

The use of VN and RLN IONM during thyroid 
and parathyroid surgery provides surgeons with a 
tool to better understand the possible mechanisms 
of RLN injury [6, 7, 17–19]. Previously, the sur-
geon was only aware of RLN injury if there were 
visible trauma to the identified nerve. Nerves that 
appear intact however are not always functionally 
intact. With IONM, the surgeon can confirm that 
nerve stimulation results in contraction of the 
laryngeal muscles, which can be palpated or 
recorded electrophysiologically. The amplitude of 
the vocal fold contraction can be measured in 
microvolts, and the latency of nerve conduction 
can be measured in microseconds [2, 20]. During 
intermittent IONM (IIONM), repeated stimula-
tion of the VN or RLN during thyroidectomy can 
help the surgeon identify an impending RLN 
injury by identifying a decrease in the amplitude 
of the vocal fold contraction and increased latency 
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of nerve conduction. A similar result may be 
obtained during continuous IONM (CIONM), 
which provides automated stimulation to the 
nerves. In the event of total loss or impending loss 
of nerve signal (LOS), the surgeon can evaluate 
the surgical maneuver that produced the impend-
ing or actual RLN injury and modify the maneu-
ver [21–23]. Such real-time intraoperative 
feedback of RLN function also provides an oppor-
tunity to understand the mechanisms of RLN 
injury. Experience with IONM has demonstrated 
RLN injury occurs more frequently to a visually 
intact nerve than a visually damaged nerve [6, 7, 
14, 17–19]. By enabling early detection of RLN 
injury and prediction of nerve outcome, IONM 
can help clinicians plan and modify intra- and 
postoperative treatments [2–5, 8, 14, 19].

�Indications and Benefits of VN/RLN 
Monitoring

Appropriate use of VN/RLN monitoring during 
thyroid/parathyroid surgery should be considered 
for all cases. Certainly, cases that can be recog-
nized preoperatively as likely having greater risk 
to the RLN should be monitored. However, many 
cases lacking these preoperative features may 
well present significant intraoperative difficulties 
and may benefit from monitoring. Routine appli-
cation has been shown to shorten learning curves 
through greater experience in the interpretation 
of signal and troubleshooting system malfunction 
[24]. Although the impact of IONM on rates of 
RLN injury is generally accepted as lower, many 
studies have not shown statistical significance 
[25–27], possibly due to the power needed to 
detect a statistically significant difference (9 mil-
lion patients per arm for benign goiter and 40 mil-
lion per arm for malignant thyroid disease) [28].

In addition to thyroid/parathyroid surgery, 
RLN monitoring can be considered for open 
approaches to address Zenker’s diverticulum, 
carotid endarterectomy, surgery for laryngotra-
cheal stenosis, anterior cervical approaches to the 
cervical spine, and certain skull base, cardiac, 
and upper chest procedures [29].

Given the potential implications on intraoper-
ative decision-making, especially in total thy-
roidectomy, the use of IONM should be included 
in informed consent. Most patients appreciate 
and wish to actively take part in shared decision 
making regarding the management of their dis-
ease [30]. Adequate informed consent and use of 
IONM documentation have been reported to 
favorably impact malpractice suits against sur-
geons [31, 32].

Basic VN/RLN Monitoring Equipment Setup
Various methods have been applied to intraopera-
tive VN and RLN monitoring during thyroid and 
parathyroid surgery. These different nerve moni-
toring formats include laryngeal palpation, glottic 
observation, glottic pressure monitoring, endo-
scopically placed intramuscular vocal cord elec-
trodes (hookwires), intramuscular electrodes 
placed through the cricothyroid membrane, post-
cricoid surface electrodes, and endotracheal tube 
(ET)-based surface electrodes [2]. Basic VN/RLN 
monitoring involves multifaceted electronic stim-
ulation and recording equipment (Fig. 6.3) which 
can be divided into the following categories: (i) 
the recording side and (ii) the stimulation side.

The recording side involves the recording 
electrodes (Figs. 6.3 and 6.4a, b), the grounding 
electrode, and associated connections at the 
interface-connector box and monitor [2]. ET-based 
surface electrodes are the most popular and have 
several advantages including the ease of setup, 
their noninvasive nature, and the large EMG 
potentials recordable with such electrodes. 
Electrodes are incorporated into the wall of the 
ET or fixed to the side of the endotracheal wall 
with adhesives and are exposed at the level of the 
glottis for optimal bilateral vocal cord mucosal 
contact. This allows evoked surface electromyog-
raphy (EMG) monitoring of the vocal muscles’ 
contraction during stimulation of RLN and VN 
[2]. Several kinds of ET-based electrodes have 
been commercialized for recording during IONM, 
including adhesive, wire, and ink surface elec-
trodes. A limitation of the clinical use of ET-based 
surface electrodes is the need to maintain constant 
contact between the electrodes and vocal cords 

6  Rationale and Indications for Vagus/Recurrent Laryngeal Nerve Monitoring



62

during surgery to obtain a high-quality recording 
[33, 34]. Alternative electrode systems that can 
circumvent the factors affecting ET-based neural 
monitoring accuracy have been sought, such as 
anterior laryngeal transcutaneous or trans-carti-
laginous surface electrodes [20, 35, 36].

The stimulation side includes the neural 
stimulating electrodes (Figs. 6.3 and 6.4a, b), its 
grounding electrode, and associated connec-
tions to the interface box-connector and stimu-
lation current pulse generator within the 

monitor. Recording ground and nerve stimulator 
anode surface electrodes are placed on the 
patient’s shoulders and are interfaced with the 
monitor through a connector box. Stimulating 
electrodes may be monopolar or bipolar and 
may also be configured as dissecting instru-
ments [37]. The selection of a stimulator can be 
based on the stimulation characteristics, the 
intended nerve monitoring application, and the 
surgeon’s preference [38]. During thyroid and 
parathyroid surgery, the stimulating electrode 

ETT
REC

GND GND

Recording side Stimulation side

Patient

Stimulator
probe

EMG
monitor

Interface-
connector

box

Fig. 6.3  Multifaceted 
electronic stimulation 
and recording equipment 
for laryngeal nerve 
monitoring. 
Abbreviations: ETT, 
endotracheal tube; 
EMG, electromyogram; 
GND, ground

a b c

Fig. 6.4  The multifaceted electronic equipment and prin-
ciple of the IONM system. (a) The basic equipment 
included the neural stimulating electrodes (stimulator) 
and the recording electrodes (connected to the ETT). (b) 

The stimulating electrodes can be used to determine the 
location and functional status of the EBSLN, RLN, and 
VN during IONM. (c) The evoked EMG response is dis-
played on an LCD screen
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can be used for mapping, localization, and iden-
tification of the EBSLN, RLN, and VN 
(Fig.  6.4a). The evoked laryngeal EMG wave-
form may be viewed on the EMG monitor screen 
(Fig.  6.4c) and the amplitude and latency 
changes monitored during surgery.

Continuous intraoperative nerve monitoring 
(CIONM) uses a newly configured electrode 
positioned on the VN to indirectly stimulate the 
RLN [39–41]. A laryngeal adductor reflex (LAR-
C-IONM) EMG tube [42] has the advantage of 
assessing real-time nerve integrity and thus better 
indicates impending nerve injury compared to 
intermittent (IONM) stimulation techniques. A 
more complete description of alternative tech-
niques and methods of IIONM and CIONM is 
presented in the following chapters.

�Basic Standard VN and RLN 
Monitoring Procedures

According to current literature and international 
standards and guidelines [2], the standard proce-
dure for performing IONM should include the fol-
lowing six steps: (i) preoperative laryngoscopy 
(L1); (ii) VN stimulation before surgical dissec-
tion (V1); (iii) RLN stimulation at initial identifi-
cation (R1); (iv) RLN stimulation after completion 
of thyroid dissection and hemostasis (R2); (v) VN 
stimulation after completion of thyroidectomy 
and confirmation of hemostasis (V2); and (vi) 
postoperative laryngoscopy (L2) (Table 6.2).

Preoperative laryngoscopy (L1) provides the 
baseline functional status of the vocal cords prior 
to surgery. Pre-RLN dissection vagal stimulation 
(V1) allows for the verification of system func-
tion and RLN mapping so that a negative stimula-
tion can be interpreted as a true negative. 
Post-RLN dissection vagal stimulation (V2) is 
the most accurate prognostic test available for 
postoperative glottic function and has been 
shown to have higher sensitivity, slightly higher 
specificity, higher positive predictive value, and 
slightly higher negative predictive value com-
pared to RLN stimulation [2, 8]. VN stimulation 
typically can be performed successfully without 
direct vagal dissection by placing the stimulator 
probe between the jugular vein and carotid artery 
at a level of stimulation between 1 and 2  mA 
(Fig. 6.1) [11]. On the right side a pattern of high 
vagal positive stimulation and lower vagal nega-
tive stimulation is the diagnostic for nonrecurrent 
right RLN [43]. Following the V1-R1-R2-V2 
procedure during surgery, three evaluative events 
can be observed [6, 17]:

	1.	 Stable signal: Improved or unchanged ampli-
tude of R2 and V2 signals as compared with R1 
and V1 signals confirms no RLN injury due to 
surgical dissection. It indicates normal intra-
operative RLN function and postoperative 
vocal cord function.

	2.	 Weak or incomplete loss of signal (LOS): The 
RLN can be partially injured by certain surgi-
cal maneuvers including traction, compres-
sion, clamping, mechanical trauma, or 
cauterization. Despite a visually intact nerve, 
these maneuvers can lead to focally absent or 
weak points of nerve conduction, where the 
amplitude of proximal RLN stimulation is 
over 100 μV compared to a substantial ampli-
tude reduction of the distal RLN stimulation 
[6, 7, 18]. The correlation between the per-
centage of EMG amplitude reduction and 
postoperative vocal cord function is highly 
variable, and vocal cord mobility can be nor-
mal, weak, or paralyzed. Recent studies rec-
ommend that if the final EMG amplitude 
reduction reaches 50–60% or more, surgeons 
should consider the possibility of postopera-

Table 6.2  Basic standard VN/RLN monitoring 
procedures

Acronym Description
L1 Laryngoscopy to check vocal cord 

movement before surgery
V1 VN stimulation before thyroid dissection
R1 RLN stimulation at initial identification
R2 RLN stimulation after complete 

thyroidectomy and hemostasis
V2 VN stimulation after complete 

thyroidectomy and hemostasis
L2 Laryngoscopy to check vocal cord 

movement after surgery

Abbreviations: VN vagus nerve, RLN recurrent laryngeal 
nerve
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tive VCP [44, 45]. However, an incomplete 
LOS may occur if the recording electrodes are 
not contacting properly the vocal cords possi-
bly due to surgical manipulation of the thyroid 
or trachea. This displacement can result in a 
substantial change of EMG amplitude. Thus, it 
is important to verify and when needed adjust 
the EMG tube and electrode position if a sig-
nificant reduction in amplitude is noted [46].

	3.	 Loss of signal (LOS): LOS is defined in part as 
an amplitude of 100 μV or less (see Section 
VII). When R2 and V2 signals become lost 
after complete dissection of the RLN, it should 
be assumed that the RLN might have been 
injured during surgical manipulation. An effort 
should be made to identify the disrupted point 
of nerve conduction and elucidate the mecha-
nism of injury. The disrupted point of nerve 
conduction may be located by testing the RLN 
from the distal portion near the entry point of 
the larynx. If a signal is obtained, the lower 
portion of the nerve should be tested until a 
response can no longer be elicited. In this 
manner, the disrupted point of nerve conduc-
tion may be located more precisely. If no dis-
rupted point of nerve conduction is detected, 
contralateral VN stimulation should be used to 
exclude the possibility of false LOS, such as 
monitoring equipment dysfunction, EMG tube 
malposition, or misuse of neuromuscular 
blocking agents [2, 12, 14, 47].

�Loss of Signal: Definition 
and Classifications

According to the 2011 International Neural 
Monitoring Study Group (INMSG) guidelines [2], 
the three basic criteria for LOS are (1) an EMG 
change from an initially satisfactory EMG, (2) 
absence of response or low response (i.e., 100 μV 
or less) to 1–2 mA stimulation on a dry field, and 
(3) absence of laryngeal and/or glottic twitch. 
According to a recent 2018 INMSG guideline for 
interpreting LOS [4], the optimal normative base-
line at the beginning of surgery is an initial V1/R1 
waveform with an amplitude of 500 μV or greater 
obtained under a stimulation current of 1–2 mA.

INMSG Impending Adverse EMG (IA-EMG) 
and Adverse EMG (A-EMG)
In the setting of continuous vagal IONM, the sur-
geon can use repeated pulsed stimulation to 
obtain the real-time EMG change during surgical 
dissection. The surgeon can set the threshold to a 
percentage (%) of amplitude reduction (fewer 
nerve fibers participating in the response) and 
latency increase (slower response) as an indicator 
of adverse EMG changes. The surgeon can then 
correct certain maneuvers immediately to prevent 
irreversible nerve injury. Animal studies using 
continuous IONM have demonstrated that ampli-
tude and latency degradation under ongoing trac-
tion has potential for recovery if traction is 
released [23, 48–51]. Two clinical studies that 
have explored concordant amplitude decrease 
and latency increase indicate that these “com-
bined events” are reliable early indicators of 
impending neurapraxia [21, 22]. Therefore, 
according to the recent INMSG LOS guideline 
[4], an amplitude decrease of >50% (with abso-
lute amplitude >100 μV) and latency increase of 
>10% should be interpreted as an Impending 
Adverse EMG (IA-EMG) because they imply 
that the nerve is approaching a combined event 
status in which VCP risk is elevated. Immediate 
cessation of the surgical maneuver is recom-
mended. The INMSG has also proposed that 
Adverse EMG (A-EMG) should be defined as 
100 μV or less as this drop indicates a progres-
sion from the preceding IA-EMG and is known 
to have a strong association with subsequent VCP 
with limited recoverability of 17–23% [4].

Other Absolute and Relative Threshold 
Criteria
Different criteria for using LOS to predict VCP 
are reported in the literature, including absolute 
threshold values and relative threshold values. 
Absolute threshold value criteria include the 
occurrence of LOS (intraoperative LOS episodes 
[21, 52, 53] or persistent LOS at the end of sur-
gery [2, 6, 17, 54–56]) and specific final V2 value 
(200 μV [57] or 280 μV [58]). Relative threshold 
value criteria involve comparing the signals from 
the most distal (R2d) and the most proximal 
(R2p) ends of the exposed RLN as a simple and 
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useful method to evaluate type I LOS (or seg-
mental RLN injury) after completion of thyroid 
lobectomy and for predicting RLN functional 
outcome [13, 59]. The positive predictive value 
of a R2p/R2d ratio >63% for postoperative VCP 
was 79.4% [59]. Therefore, when the relative 
threshold value R2p/R2d reduction exceeds 60%, 
the surgeon should consider the possibility of 
postoperative VCP, even if the EMG value 
exceeds 100 μV [13].

False LOS
Normal RLN function with no or very low EMG 
signal is called false LOS. False LOS is charac-
terized by a lack of a point of injury on the 
exposed RLN and a lack of response to contralat-
eral VN stimulation [2].

The most common three causes of false LOS 
are:

	1.	 Monitoring equipment malfunction. The 
grounding, recording/stimulating electrodes 
and associated connections at the interface-
connector box and monitor should be checked 
to ensure that they are not displaced, dis-
lodged, or broken. The use of electrocauteri-
zation can also cause a broken fuse.

	2.	 ET malposition. During ET-based recording, 
displacement of the EMG tube (up- or down-
ward or due to rotation) during surgical manip-
ulation may cause false LOS due to insufficient 
contact between EMG tube electrodes and 
vocal folds [46, 60, 61]. To correct a displaced 
ET EMG tube, the surgeon can perform vagal 
stimulation, while the anesthesiologist read-
justs the tube [2]. If false LOS is suspected, 
fiber-optic laryngoscopy can be used to con-
firm the presence of laryngeal twitch and to 
adjust the electrode position [17].

	3.	 Repeated use of neuromuscular blocking 
agents (NMBAs). Repeated intraoperative 
administration of NMBAs can cause a false 
LOS. Preoperative discussion with the anesthe-
siologist enables proper anesthetic planning. 
Intraoperatively, when LOS occurs, the sur-
geon should consult the anesthesiologist 
regarding any NMBA use. If an NMBA has 
been inadvertently administered intraopera-

tively, NMBA reversals (e.g., sugammadex) 
may be needed for rapid restoration of normal 
muscle twitch activity [62–65].

True LOS: Type I and Type II
True LOS is defined as an RLN injury resulting 
in an elicited EMG signal <100 μV. According to 
the troubleshooting algorithm described in the 
INSMSG guidelines [2, 4], a negative laryngeal/
glottic twitch combined with a positive contralat-
eral VN evoked EMG signal should be inter-
preted as an ipsilateral neural injury and the 
possibility of postoperative VCP.

Currently, true LOS and RLN injury are usu-
ally classified into two subtypes [2, 6, 17] accord-
ing to the electrophysiology results observed 
during IONM. Type 1 LOS or RLN injury (i.e., 
segmental or localized RLN injury) is character-
ized by a nerve injury at a specific site, and it 
usually results from direct stress on the nerve. In 
type 1 LOS, distal RLN stimulation induces nor-
mal evoked activity, whereas proximal stimula-
tion to the injured segment elicits a waveform no 
greater than 100 μV. In type 2 LOS, the exposed 
RLN shows no specific disruption site (i.e., dif-
fuse or global RLN injury) and no visible change 
in appearance [2, 6, 17].

The reported proportion of type I and type II 
RLN LOS varies in the literature. Dionigi 
reported greater type I than type II LOS (I = 71% 
vs. II  =  29%) [18] as did Snyder (I  =  92% vs. 
II  =  8%) [7]. In contrast, Schneider reported 
fewer type I LOS lesions (I = 44% vs. II = 56%) 
[45] as did Chiang (I = 33% vs. II = 67%) [6]. 
Differences in the reported prevalence may be 
due to differences in the extent of RLN exposure 
and whether the disrupted point of the RLN is 
checked routinely, surgical experience and tech-
nique or the use of certain surgical maneuvers, as 
well as variations in RLN anatomy (i.e., branch-
ing patterns, relationship to the ligament of 
Berry) among different study populations (e.g., 
different ethnicities) [66].

To establish true LOS with high certainty, the 
surgeon must use IONM LOS troubleshooting 
algorithms to exclude all possible causes of false 
LOS [2].
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When a true LOS is confirmed, the following 
management principles should be applied: (1) 
Map lesion (type I or II) and elucidate the possi-
ble injury mechanism (2) Consider a staged con-
tralateral procedure in cases of LOS with no or 
incomplete intraoperative recovery. Detailed 
information on the management of LOS and its 
troubleshooting algorithms will be introduced 
and discussed in the following chapters.

�Clinically Significant Monitoring 
Applications

There is increasing adoption of nerve monitoring 
in endocrine and other head and neck surgery. In 
a recent survey of practice patterns in the United 
States, IONM is utilized in roughly 80% of thy-
roid surgeries performed by otolaryngology-head 
and neck surgeons and over 65% performed by 
general surgeons with the number rising signifi-
cantly over the last 5 years [67, 68]. Over 95% of 
endocrine surgery fellows (general surgery and 
otolaryngology-head and neck surgery), exposed 
to nerve monitoring during their endocrine sur-
gery fellowship, report utilizing IONM in some 
or all of their cases upon completion of fellow-
ship [69]. Large survey studies suggest higher-
volume surgeons more commonly utilize neural 
monitoring [70]. Strict adherence to IONM stan-
dards improves implementation [71].

The 2018 INMSG Guidelines [4] identified 
the following clinically significant IONM appli-
cations and benefits:

	1.	 RLN mapping before its visual identification 
to facilitate subsequent visual identification 
and help avoid RLN injury [72]. Snyder et al. 
reported that electrical RLN neural identifica-
tion preceded visual identification in nearly 
35% of cases [73]. RLN identification speed 
is improved with IONM [74].

	2.	 Identification of RLN anatomical variants 
with increased potential for iatrogenic injury.

	3.	 Reducing the rate of tracheotomy in total thy-
roidectomy based on the prognostication of 
RLN function [75, 76].

	4.	 Intraoperative alteration of surgical maneuver 
in case of impending neural injury [22, 77].

	5.	 Identification and preservation of superior 
laryngeal nerve (SLN) [3, 78].

	6.	 IONM may help younger or less experienced 
surgeons achieve outcomes similar to experi-
enced surgeons [79].

	7.	 IONM may assist in early and definitive intra-
operative identification of nonrecurrent laryn-
geal nerve variations [80].

The 2018 INMSG Guidelines [4] further out-
lined the following conceptual domains for the 
use of IONM during thyroidectomy

	1.	 Intraoperative nerve identification and nerve 
mapping

	2.	 Differentiation between neural and non-neural 
structures

	3.	 Identification of impeding nerve injury as 
well as the mechanism and site of injury

	4.	 Reduction of tracheotomy risk based on the 
prognostication of nerve injury before pro-
ceeding with the contralateral side

�Guidelines and Current Standards

In 2006, The International Neural Monitoring 
Study Group (INMSG) was founded as an inter-
national multidisciplinary collaboration to serve 
the emerging field of neurophysiologic monitor-
ing of laryngeal nerves in head and neck endo-
crine surgery. Comprised of experts in the field of 
head and neck endocrine surgery, laryngology, 
electromyography, anesthesiology, and neuro-
physiology, the group has published several 
guidelines to promote uniform and standard 
IONM technique, to define standardized refer-
ences of normative and pathological RLN neuro-
physiology parameters, to evaluate new 
technological developments, and to support stan-
dardized educational and research activities in 
the field of IONM for head and neck surgeries. It 
has published guidelines on basic RLN and 
EBSLN monitoring techniques and interpreta-
tions for monitored thyroid and parathyroid sur-
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gery [2, 3]. More recently, INMSG has published 
a two-part consensus guideline discussing nerve 
monitoring for thyroid and parathyroid surgery 
with a specific focus of its application on intraop-
erative strategy and disease management. Part I 
discusses the management of LOS including its 
relevance to the staging of thyroid surgery. Part II 
discusses optimal IONM in the setting of inva-
sive thyroid cancer [4, 5].

These guidelines together with continued 
advances in monitoring equipment as well as the 
increasing body of literature supporting the appli-
cation of IONM in head and neck surgery have 
led to increasing organizational support for 
IONM in thyroid and parathyroid surgeries. Both 
INMSG Guidelines and the German Association 
of Endocrine Surgery guidelines recommend 
neural monitoring in all cases of thyroid and 
parathyroid surgery [2–5, 81]. Updating the 2009 
American Thyroid Association (ATA) Thyroid 
Nodules and Differentiated Thyroid Cancer 
guidelines, the 2015 Guidelines Task Force on 
Thyroid Nodules and Differentiated Thyroid 
Cancer included seven surgical recommenda-
tions pertaining to voice optimization laryngeal 
exam, neural management, and IONM [82]. In 
addition, the ATA Surgical Affairs Committee 
Consensus Statement on Outpatient Thyroid 
Surgery and the ATA Statement on Optimal 
Surgical Management of Goiter highlight the role 
of neural monitoring in confirming intact neural 
function at the end of surgery including its role in 
discharge planning particularly in cases of bilat-
eral LOS [83, 84]. The American Academy of 
Otolaryngology Head and Neck Surgery 
(AAOHNS) Clinical Practice Guideline: 
Improving Voice Outcomes After Thyroid 
Surgery as well as the Evidence-Based American 
Head and Neck Society (AHNS) Consensus 
Statement on the Management of Locally 
Invasive Well-Differentiated Thyroid Cancer dis-
cuss the utility of neural monitoring in neural 
identification, reduction of transient nerve paral-
ysis rates, prognostication of nerve function, and 
avoidance of bilateral VCP [76, 85]. The 
AAOHNS supports the use of IONM in cases of 
(i) total thyroidectomy, (ii) revision surgery for 

thyroid cancer, and (iii) thyroid surgery on an 
only functioning nerve.

�Conclusion

There has been much progress in the application 
of VN/RLN monitoring during thyroid and para-
thyroid surgery. Standardization and organiza-
tional support has been instrumental in promoting 
the use of IONM. This chapter provides an over-
view of the rationale and indications of 
IONM. Detailed information on the monitoring 
of the EBSLN and CIONM, troubleshooting sys-
tem integrity, managing LOS, incorporating 
IONM into the intraoperative management of 
invasive thyroid cancer, and nerve monitoring in 
remote access thyroid surgery and parathyroid 
surgery are described in other chapters.
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